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SUMMARY 
This bulletin consists of an examination from the point 
of view of accuracy of the results of 93 lattice or lattice 
square designs used in corn varietal tests during the period 
1938-40, inclusive. For the triple lattice designs at Iowa 
State College, three replications were on the average some-
what more accurate than five replications of the type of 
randomized blocks design previously used. Since part of 
this increase in accuracy was presumably due to the long 
and narrow shape of replication in the randomized blocks 
designs, somewhat smaller increases would be expected over 
a randomized blocks design with a more compact replica-
tion. For the lattice square designs, the increase in accu-
racy over randomized blocks represents a saving of about 
one replication in six with 25 varieties, one replication in 
five with 49 or 81 varieties and one replication in three with 
121 varieties. 
The average standard error per plot of 20 hills (1 / 200 
acre) was about 8Yz percent and did not vary markedly 
among the 3 years. The standard error increased only 
slightly with increasing numbers of varieties in the test, 
indicating the value of these designs in providing accurate 
comparisons for tests with many varieties. 
While a large number of experiments would be required 
to obtain a precise comparison, the lattice square designs 
with 4 x 5 hill plots appeared to be no more accurate than 
the lattice designs with 2 x 10 hill plots, as judged by the 
standard errors per plot. Further evidence in support of 
this result was obtained by a comparison of the triple lattice 
and lattice square on three corn-uniformity trials. A pos-
sible explanation is that the incomplete block in the lattice 
designs, where 2 x 10 hill plots were used, was much more 
compact than the row or column in the lattice square, where 
4 x 5 hill plots were used. 
On the three uniformity trials mentioned above, a lattice 
square with 2 x 10 hill plots gave a 15 percent gain in accu-
racy over either a triple lattice with 2 x 10 hill plots or a 
lattice square with 4 x 5 hill plots. This result suggests 
that lattice square designs may be used profitably in corn 
experiments with 2 x 10 hill plots and may also prove serv-
iceable for crops, such as the small grains and soybeans, 
where the plot is long and narrow. 
An Examination of the Accuracy 
of Lattice and Lattice Square 
Experiments on Cornl 
BY W. G. COCHRAN 
During the past 3 years the lattice and lattice square de-
signs have been extensively used in corn varietal trials 
carried out by the Iowa Agricultural Experiment Station. 
These designs were introduced by Yates (1) (2) (3) (4) as 
an improvement on the randomized blocks design. Their 
layout resembles that of randomized blocks, the plots being 
grouped in separate replications, which should be as com-
pact in shape as possible. Within each replication the varie-
ties, whose number must be an exact square, are arranged 
either in k blocks of k varieties each, as in the simple and 
triple lattice designs, or in a square with k rows and k col-
umns, as in the lattice square designs. By this device and 
by a suitable choice of the groupings used in successive 
replications, the mean yield of any variety may be adjusted 
for the fertility levels of the blocks (or rows and columns) 
in which it lies, thus permitting a more accurate comparison 
of the differences among varieties. Since the field opera-
tions are essentially the same as for randomized blocks, any 
increase in accuracy is gained at the expense of only a some-
what more elaborate statistical analysis, the calculation of 
the adjusted varietal mean yields requiring some extra time 
in computation. 
When the designs were first introduced (1) some idea of 
the expected gain in accuracy was obtained by superimpos-
ing various lattice designs and corresponding randomized 
blocks designs on a set of uniformity trial data on oranges. 
Similar comparisons were later made by Goulden (5) on 
oranges, sugar cane, sugar beets, potatoes, barley and wheat, 
and by Zuber (6) on corn. While this method of comparison 
is flexible, since the size and shape of the plots and the di-
mensions of the replications can be varied, its scope is limited 
by the small amount of uniformity trial data available for 
any particular crop, particularly so as lattice designs re-
quire a relatively large number of plots. Moreover, fields 
selected for uniformity trials may not always be representa-
tive of the fields on which experiments are normally car-
ried out. 
l Project 514 of the Iowa Agricultural E xperiment Stl:i.tion. 
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The results of any lattice or lattice square experiment, 
however, make it possible to compare the accuracy of the 
experiment with that of a randomized blocks design occupy-
ing the same plots and the same shape of replication (4), 
(7). This comparison has the advantage of being made 
under actual experimental conditions. Thus, when a num-
ber of lattice or lattice square designs have been carried out 
with any crop, the experimental results may be reviewed to 
discover hbw much has been gained by the new designs and 
what types of design appear to be most suitable. The pur-
pose of this bulletin is to present the results of such an exam-
ination of the lattice and lattice square experiments on corn, 
of which 93 are available to date. 
MATERIAL 
Access was readily obtained to the results of all lattice or 
lattice square experiments on corn carried out by the Iowa 
Agricultural Experiment Station, in cooperation with the 
Division of Cereal Crops and Diseases, Bureau of Plant In-
dustry, U.S.D.A. The sources of the data are shown below. 
In parentheses are given the names of the persons to whom 
the author is indebted for permission to use the data and 
from whom much further help and information were re-
ceived: 1. One lattice, 20 triple lattice and 56 lattice square 
experiments carried out under the corn-breeding program 
(Dr. G. F. Sprague, Mr. R. C. Eckhardt, Mr. L. A. Tatum) ; 
2. Eleven lattice square experiments from the Iowa Corn 
Yield Test (Mr. M. S. Zuber) ; 3. Three lattice square experi-
ments on seed treatment (Dr. C. S. Reddy) ; and 4. Two lat-
tice square experiments, also on seed treatment (Dr. R. H. 
Porter). Of the 93 experiments, 14 were conducted in 
1938, 24 in 1939 and 55 in 1940. About two-fifths of the 
experiments were located at or near Ames, the remainder 
being scattered throughout the state. The following table 
shows the number of experiments in each of the 12 districts 
into which the state is divided for the corn-yield test. 
TABLE 1. DISTRIBUTION OF THE LATTICE AND LATTICE SQUARE 
EXPERIMENTS ON CORN 
Section 
Northern North-central South-central Southern 
District 1 2 3 4 5 6 7 8 9 10 11 
Number of 8 9 4 8 3 4 3 40 5 5 1 experiments 
12 
3 
4·03 
In this scheme the state is partitioned into four sections 
from north to south, each section being subdivided into 
three districts from east to west (1,4,7 and 10 being west). 
Apart from a few exceptions, the plots consisted of 4 x 5 
hills in the lattice square experiments. For the lattice and 
triple lattice experiments, 2 xl0 hills were used at Ames 
(15 experiments) and 4 x 5 hills elsewhere (6 experiments) . 
Since the hills were usually spaced 3'4" by 3'4", the plot 
size was thus about 1/ 200 acre. 
VALIDITY OF THE COMPARISONS 
To obtain an equitable comparison between two designs, 
each should be placed in what is considered the most accu-
rate arrangement according to previous experience and 
general information about the site. With suitable uni-
formity trial data, this can be done, since, for example, a 
different shape of plot can be used for the two designs if 
considered appropriate. In the present method, however, 
the lattice or lattice square design can be compared only 
with a randomized blocks design which employs the same 
plots and the same replications. It is necessary to examine 
whether the comparison obtained is fair to the randomized 
blocks design. 
We shall first describe what is considered the optimum 
arrangement of plots for each type of design, from the 
point of view of accuracy per replication. For the lattice 
designs, 2 x 10 hill plots should be used, plots in the same 
incomplete block lying in one line, with their longer sides 
contiguous. This arrangement gives a compact shape of 
incomplete block, the dimensions of the block being for 
example 14 x 10 hills with 49 varieties. The incomplete 
blocks should be grouped to form a replication as nearly 
square as possible. The lattice square designs should be 
laid down in 4 x 5 hill plots, the plots in each replication 
forming a square. For the randomized blocks designs, 
2 x 10 hill plots would be preferred, while the replication 
should be approximately square in shape. 
In the lattice and triple lattice designs, at Ames, the plots 
in the same replication lay in one continuous line, the longer 
sides of the plots being contiguous. Thus, with 49 varieties, 
for example, the dimensions of the replication were 10 x 98 
hills. The second replication continued in the same line, 
and so on until an edge of the field was reached. If this 
occurred in the middle of a replication, the remainder of 
the replication was placed in the next line, starting back 
from the edge just reached. A plan illustrating this layout 
was given by Cox and Eckhardt (7). While the shape of 
replication obtained by this method was not considered 
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good, the method was normally used for randomized blocks 
designs at Ames and was continued when the new designs 
were introduced. Its advantages are that the whole of the 
experimental site is utilized without waste and that field 
notes are more easily taken when the plots are in one line. 
Thus with the above layout the randomized blocks designs 
were poorly placed from the point of view of accuracy per 
replication. In the lattice designs, information is supplied 
by two types of comparison among varieties, intra-block 
and inter-block. For the former the layout follows the 
recommendations given above, but the accuracy of the inter-
block information is decreased by the way in which the 
blocks are arranged in a replication. Since, however, most 
of the information is contained in the intra-block compari-
sons, the lattice designs probably suffer less in accuracy 
per replication than the randomized blocks d,esigns. Never-
theless it is at least of local interest to calculate the relative 
accuracies in this case, since we are comparing the layout 
now llsed with the layout used before the new designs were 
introduced. The gains in accuracy obtained with the new 
designs may be applicable to other experiment stations which 
at present use a similar layout of the randomized blocks 
design, though they probably overestimate the gains that 
would be achieved at a station which now uses randomized 
blocks with a more compact shape of replication. 
In the lattice square experiments and in the six lattice 
experiments carried out in the other districts, the plots 
(4 x 5 hills) were arranged in a square. As mentioned above 
this was considered the most accurate arrangement for lat-
tice squares. The lattice designs were not placed to the best 
advantage, for while the replications were almost square in 
shape, the incomplete blocks were long and narrow, measur-
ing for instance 28 x 5 hills in a design with 49 varieties. 
From the point of view of randomized blocks, the shape of 
replication was also good, but it might be contended that 
the long and narrow plots would have been used instead of 
square plots. To examine the effect of shape of plot with a 
fixed shape of replication, some calculations were made on 
Bryan's uniformity trial data (8). 
These data comprise 2,304 hills of each of three strains, 
Krug (1923), Iodent (1925) and McCulloch (1925), each 
site being arranged in a square, 48 x 48 hills. The plot 
shapes compared were 2 x 8 hills (in both directions) and 
4 x 4 hills. Plots 1 x 16 hills were not examined, since they 
would not be used in actual field tests because of the possi-
bility of inter-strain competition. For each strain the plots 
were grouped to form six "replications" of 24 plots each, the 
dimensions of the replications being 16 x 24 hills. With this 
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shape of replication all three types of plot can be arranged 
in exactly the same set of six replications, thus permitting 
a comparison of the effect of plot shape with a given shape 
of replication. The mean squares per plot within replica-
tions are shown in table 2. 
TABLE 2. MEAN SQUARES PER PLOT (LBS. PER 16 HILLS) FOR 
THREE SHAPES OF PLOT. 
4x4 
{ 2 x 8' 8x2 
Shape of plot 
Mean of 2 x 8 and 8 x 2 
. *Longer side east-west 
Krug 1923 
2.75 
2.94 
2.88 
2.91 
Strain . 
Iodent 1925 
4.17 
3.46 
4.31 
3.88 
McCulloch 1925 
7.61 
6.66 
7.82 
7.24 
Comparing the 4 x 4 plot with the average of the 2 x 8 
plots, there appears to be no marked difference in varia-
bility. The 4 x 4 plots gave a slightly lower mean square 
with Krug 1923, and a slightly higher mean square with the 
other two strains, the differences being about 6 percent in 
each trial. From an examination of the total variation be-
tween plots on the same data, Bryan (8) concluded that 
"with plots as small as 16 hills, either single, two- or four-
row plots may be expected to give rather similar results." 
We may conclude that for the lattice square designs the com-
parisons with randomized blocks are reasonably fair to both 
types of design, while for the six lattice designs the compari-
sons possibly favor randomized blocks. 
METHOD OF CALCULATING THE RELATIVE 
ACCURACY 
The calculations necessary to compare the relative accu-
racy of the two types of design have been described by 
Yates (4) for the lattice square designs and by Cox, Eck-
hardt and Cochran (7) for the lattice and triple lattice de-
signs. The method depends on the fact, discovered by 
Yates (3), that these designs can be analyzed either as ordi-
nary randomized blocks designs or by the full lattice 
analyses. In the former case the unadjusted means over all 
replications are used as estimates of the varietal yields, the 
error mean square found by an ordinary randomized blocks 
analysis of variance providing an unbiased estimate of error 
for these means. In the latter case the varietal means are 
adjusted to correct for variations in the fertility of the in-
complete blocks (or rows and columns in a lattice square). 
Thus by analyzing the results of an experiment in both ways, 
a comparison is obtained between the new design and a 
randomized blocks design occupying the same plots and the 
same replications. 
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As a measure of the accuracy of a design, we shall use the 
reciprocal of the average variance of the difference between 
two varietal means. This definition allows a fairly concrete 
meaning to be given to the term relative accuracy. For ex-
ample, if the above variance is 1.23 for a lattice design and 
1.65 for randomized blocks, the accuracy of the new de-
sign relative to randomized blocks is measured by the ratio 
(1 / 1.23) -7- (1 / 1.65) = 1.65/ 1.23 = 1.34. Since, however, 
the variance of the varietal means decreases in proportion 
to the number of replications, the number of replications in 
the randomized blocks design would have to be increased in 
the ratio 1.65/ 1.23 to make the two designs of equal accu-
racy. Thus with a relative accuracy of 1.34, or about 4 to 3, 
we may say that three replications of the lattice design are 
approximately as accurate as four replications of the ran-
domized blocks design. 
To illustrate the computations, an example will be worked 
for a 7 x 7 triple lattice, with three replications. The 
analysis of variance required for calculating the adjusted 
mean yields is shown below, the units being a single plot 
yield in pounds. 
Degrees of Sums of Mean 
freedom squares square 
Replications 2 77.08 
Blocks (adjusted) 18 214.90 11.939 
Varieties (unadjusted) 48 1,558.36 32.466 
Error (intra-block) 78 347.41 4.454 
The sums of squares for Replications and Varieties are 
exactly the same as would be obtained in a randomized 
blocks analysis. Hence the randomized blocks error mean 
square per plot is (214.90 + 347.41) / (18 + 78) = 5.857. 
Since there are three replications, the error variance of the 
difference between two unadjusted varietal means is 
2 (5.857) / 3. With the complete analysis the corresponding 
variance is 2 (4.454) f / 3, the factor f measuring the addi-
tional variability that arises from the experimental errors 
of the adjustments to the varietal means. For a k x k triple 
lattice, f has the value 1 + 2 (k ~ 1) ( B 13 E ), where B, 
E are the blocks and error mean squares respectively in the 
analysis of variance above. In this experiment 
f - 1 + _3_ X (11.939 - 4.454) 1.1176 
- 16 11.939 
Omitting the common factor ~ , the accuracy of the triple 
lattice relative to randomized blocks is 5.857/ 4.454f = 
5.857/ 4.978 = 1.18 or 118 percent. The formula for calcu-
lating the factor f is given for each type of design at the 
end of this bulletin. If B is less than or equal to E, indicating 
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that there were no real differences in fertility between the 
incomplete blocks, the complete analysis reduces to the 
randomized blocks analysis. 
In calculating the factor f, the effects of sampling errors 
of the relative weights assigned to inter- and intra-block 
information were ignored. It has been shown (9) that these 
effects are negligible for the designs presented here, except 
perhaps for 5 x 5 lattice squares, for which the value of f 
should be increased by about 3 percent. 
When these designs were first introduced by Yates (1), 
he used a different method of analysis, in which the infor-
mation contained in the incomplete block totals was ignored. 
Later he discovered how this information could be utilized 
to improve the accuracy of the adjustments and developed 
the method of analysis described in references (4) and (7), 
which is now recommended as a standard procedure. To 
examine the superiority of the newer method, to which the 
above calculations apply, a study was made of the rela-
tive accuracies of the designs, when analyzed also by the 
earlier method. For this it is only necessary to replace f 
by the reciprocal of the efficiency factor, the latter being 
(k + 1) / (k + 2 Yz ) for the triple lattice. Hence the relative 
accuracy, ignoring inter-block information is 
19 5.857/ (4.454) X """I6 = 1.11 
RESULTS 
RELATIVE ACCURACY OF THE LATTICE DESIGNS 
The relative accuracies obtained for the 21 lattice designs 
(20 triple lattice and 1 simple lattice) are shown in per-
centages in table 3, arranged in increasing order. 
The results are highly variable, ranging from 101 to 265 
percent where inter-block information was recovered. The 
most striking feature is the great increase in the accuracy 
of the experiments at Ames by the use of the new designs. 
Nine of the 15 experiments showed gains of over 50 per-
cent, while five produced gains of over 100 percent, the 
mean gain over the whole set being 92 percent. Since, how-
ever, the distribution is somewhat skew, the median gain 
of 79 percent gives perhaps a better estimate of the center 
of the distribution. With this figure, three replications of 
the triple lattice would be more accurate than five replica-
tions of the type of randomized blocks design previously 
used. 
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TABLE 3. ESTIMATED RELATIVE ACCURACIES OF THE LATTICE DESIGNS 
(IN PERCENTS). 
Number 
of 
varieties 
25 
49 
64 
64· 
49 
81 
81 
49 
100 
64 
64 
64 
64 
169 
81 
Mean 
I 2 x 10 plots (Ames) Inter-block information 
Recovered Ignored 
114 103 
118 111 
124 118 
137 130 
140 134 
145 142 
157 154 
179 175 
I 
184 180 
190 196 
231 228 
I 238 235 255 252 
I 291 290 365 363 
192 187 
.Simple lattice design 
Number 
of 
varieties 
25 
49 
100 
169 
100 
64 
Mean 
I 4 x 5 plots Inter-block information 
Recovered Ignored 
101 85 
110 101 
116 112 
116 113 
174 171 
190 186 
I 
135 128 
As anticipated earlier, the gains were smaller with 4 x 5 
plots; only two of the six experiments showed large increases 
in accuracy, while the average gain was 35 percent. 
The number of experiments is too small to provide more 
than a crude estimate of the relative accuracies for different 
numbers of varieties. As would be expected, the gains are 
smaller with 25 and 49 varieties than with the larger num-
bers. This point must be borne in mind when interpreting 
any average figure from the whole group of experiments. 
TABLE 4. MEA N RELATIVE ACCURACIES FOR DIFFERENT NUMBERS 
OF VARIETIES (WITH RECOVERY OF INTER-BLOCK INFORMATION ). 
Shape 
of plot 
2 x 10 
4 x5 
25 
114[1] 
101 [1] 
49 
146 [3] 
110[1] 
K umber of varieties 
64 81 100 
197[6] 
190[1] 
222[ 3 ] 184 [1] 
145 [2] 
The figur es in brackets den ote the number of experimen ts. 
169 
291[1] 
116[1] 
The recovery of inter-block information increased the 
relative accuracy by 14 percent in the two experiments with 
25 varieties and by 6 percent in the four experiments with 
49 varieties. With higher numbers of varieties the increase 
in relative accuracy was only about 3 percent. 
While the results for the 2 x 10 plots provide valid esti-
mates of the gains in accuracy achieved at Ames, little in-
formation is available on the gain to be expected by changing 
from randomized blocks with a compact shape of replica-
tion to a lattice design with a compact shape of incomplete 
block, since neither the 2 x 10 nor the 4 x 5 hill plots pro-
vides this type of comparison. The expected gain would 
presumably lie between the gains obtained with these two 
shapes of plot. 
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RELATIVE ACCURACY OF THE LATTICE SQUARE DESIGNS 
The results for the 72 lattice square designs are shown in 
table 5, arranged by number of varieties. 
For the 5 x 5 designs the gains in accuracy were mostly 
small, though only two experiments produced no gain. The 
average gain was about 20 percent. It is interesting to note 
that this increase in precision was almost entirely due to 
the recovery of inter-block information; with the earlier 
method of analysis nine of the experiments were less accu-
rate than randomized blocks, while the group as a whole was 
about equal in accuracy to randomized blocks. The gains 
increased to about 25 percent for the 7 x 7 and 9 x 9 de-
signs with a further increase to over 50 percent for the 
11 x 11 designs, for which every experiment showed a sub-
stantial gain. The highest individual gain, 362 percent, was 
obtained with a 7 x 7 design on a soil of low fertility. By 
using the new method of analysis instead of the original 
method, the relative accuracy was increased by 22 percent 
with 25 varieties, 15 percent with 49 varieties, 10 percent 
with 81 varieties and 6 percent with 121 varieties. 
TABLE 5. ESTIMATED RELATIVE ACCURACIES OF THE LATTICE SQUARE 
DESIGNS (IN PERCENTS). 
Number of varieties in the experiment 
25 I 49 81 I 121 
R* I It I R I I R I I I R I I 
98 I 71 104 I 86 111 99 122 I 115 100 68 112 I 97 112 101 134 I 127 105 78 114 100 114 102 137 
I 
131 
109 81 114 I 100 114 103 144 138 
110 87 115 I 96 116 105 145 139 
111 88 116 I 100 120 106 151 I 146 116 94 116 101 121 110 156 150 
119 98 117 
I 
103 122 110 164 I 160 
124 102 120 106 123 114 176 
I 
171 
136 117 120 107 124 114 192 185 
137 108 120 I 107 125 115 194 190 
140 130 124 I 109 128 119 257 254 151 134 126 114 132 123 329 316 
195 180 129 I 113 135 126 
I 133 I 
121 140 124 
134 121 140 130 
142 122 152 140 I 
148 136 164 156 
158 144 178 168 
163 152 212 190 
173 163 223 213 
210 197 
462 455 
Number of experiments 
14 23 21 13 
Mean relative accuracy 
125 103 147 133 138 127 177 171 
Median .relative accuracy 
118 96 124 109 125 115 156 150 
R* = Inter~block information recovered. It == Inter-block information ignored. 
An experiment with 64 varieties (not shown above) gave relative accuracies of 108 
(R) and 94 (I) percents. 
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The results as a whole represent a saving of about one 
replication in six with 25 varieties, one in five with 49 and 
81 varieties and one in three with 121 varieties. 
It will be noticed that the gains were considerably larger 
for the lattices with 2 x 10 hill plots than for the lattice 
squares. This is presumably due to the difference already 
noted in the shapes of replication in the two cases. On uni-
formity trial data, with the same range in numbers of 
varieties, Zuber (6) obtained average relative accuracies of 
144 percent for lattice squares, 131 percent for triple lattices 
and 133 percent for simple lattices. Since Zuber used the 
arithmetic mean to combine results from different experi-
ments, a comparable average for the lattice squares in the 
above data is (125 + 147 + 138 + 177) / 4 = 147 percent, 
which agrees closely with his figure. 
EXAMINATION OF THE STANDARD ERRORS 
PER PLOT 
From an examination of the standard errors per plot, 
some information is obtained about the relative accuracy of 
the lattice and lattice square designs, and of the designs 
with different numbers of varieties. The standard errors 
used were those given by the new method of analysis, being 
VEf, where E is the intra-block (or intra-row and column) 
error mean square and f is the factor described on page 406. 
This quantity measures the effective standard error per 
plot, since it provides the average standard error of a varie-
tal mean on division by the square root of the number of 
replicates. 
The regression coefficients of the standard errors per 
plot on the mean yields of the experiments were calculated 
separately for each year. The coefficients were negative in 
1938 and 1939 and positive in 1940 and were all small, the 
largest being -0.11, though two of the values were statistical-
ly significant . . It was accordingly decided to use the stand-
ard errors themselves rather than the coefficients of varia-
tion in calculating averages over a number of experiments. 
In presenting averages, however, the standard errors are 
expressed as a percentage of the mean yield of the whole 
group of experiments. 
The average standard error percent per plot and the mean 
yield (in pounds per plot of 20 hills) for each of the 3 years 
are shown at the top of the following page. 
The larger value in 1940 was due mainly to a single highly 
variable field, which contained four experiments with an 
ave rags standard error of 22 percent. If this field is omit-
ted, the average standard error percent for 1940 falls to 
8.21, while the average over all 3 years is 8.41. 
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1938 1939 1940 
No. of I Stand- I Mean I No. of I Stand- I Mean I No. of I Stand- I Mean experi- ard yield experi- ard yield experi- ard yield 
ments error % ments error % ments error % 
I I I I I I 
I 
I 24 7.67 31.1 55 
I 
9.07 27.5 14 8.68 29.2 I 
The standard errors are arranged by type of design and 
by number of varieties in table 6. 
The results indicate no marked difference in the accuracy 
attained in lattice square and in triple lattice experiments 
with 2 x 10 hill plots. Taking the weighted means of the 
figures for 49, 64, and 81 varieties, we obtain an average of 
7.96 percent on 44 experiments for the lattice squares, as 
against 7.99 on 12 experiments for the triple lattices. The 
remaining comparisons, though based on very small num-
bers, appear to be in favor of the triple lattices. Since, as 
would be expected, there are large differences in the stand-
ard errors from field to field, comparisons made between 
experiments on the same field would be of much higher 
accuracy. Unfortunately the data provide only a few com-
parisons of this type. These tend to support the conclusion 
suggested above, which must be accepted tentatively pend-
ing the accumulation of more data in subsequent years. The 
result is perhaps not so surprising, for while the effects of 
fertility gradients in two directions are eliminated from the 
experimental errors in the lattice square, the triple lattice, 
with 2 x 10 plots, gives an incomplete block that is much 
more compact than either the row or column in the lattice 
square. 
Since two of the triple lattices with 4 x 5 plots were lo-
cated on the highly variable field which was omitted, only 
four are included in the above table. The number is too 
small for comparison with the other designs. 
An increase in the standard errors per plot would be ex-
pected with increasing numbers of varieties. This does not 
appear consistently in table 4, except that the 5 x 5 designs 
gave the lowest average. By making a within-field com-
TABLE 6. AVERAGE STANDARD ERRORS PERCENT PER PLOT. 
(The figures in brackets denote the number of experiments.) 
25 49 
Number of varieties 
64 81 100 121 169 Design 
Lattice square 7.88 (14) 8.02 (23) 8.33 (1) 7.88(20) 8.12(12) 
Triple lattice 5.31 (1) 7.88 (3) 8.02 (6)' 8.02(3) 8.02 (1) 
------_.- 7.43(1) (2 x 10 plots) 
Triple lattice 8.75 (1) 7.95(1) 9.51 (1) 7.95 (1) 
(4x5 plots) 
-Includes one simple lattice design 
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parison between the 5 x 5, 7 x 7, 9 x 9 and 11 x 11 experi-
ments, the following standard errors percent were obtained: 
5 x 5, 7.47; 7 x 7, 7.92; 9 x 9, 8.47; 11 x 11, 8.09. While 
these figures emphasize the increase from the 5 x 5 to the 
7 x 7, the change thereafter is somewhat irregular. The fact 
that the increases are apparently small emphasizes the 
value of these designs for testing large numbers of varie-
ties. With randomized blocks designs the increases would 
be much greater, as evidenced by the results obtained in 
table 5 for the gains in accuracy with different numbers of 
varieties. 
LATTICE SQUARE DESIGNS WITH OBLONG PLOTS 
If the lattice designs with 2 x 10 hill plots are not inferior 
in accuracy to the lattice square designs with 4 x 5 hill 
plots, as tentatively suggested above, lattice square designs 
with 2 x 10 hill plots may prove superior to both types of 
design. While 4 x 5 and 2 x 10 hill plots are equally easy to 
layout with corn, the latter are more convenient at harvest, 
since all the ears from a plot can be picked by traversing 
the plot between its two rows. Moreover, the problem 
whether to recommend lattice square or lattice designs when 
the plots are long and narrow is an important one for crops 
such as soybeans and the small grains, where such plots are 
normally used. 
The question was examined by selecting an area measur-
ing 40 x 40 hills from each of Bryan's three uniformity 
trials (8). Each area was divided into four 5 x 5 squares 
using [1] 4 x 4 hill plots, [2] 2 x 8 hill plots, with the longer 
side east-west, [3] 8 x 2 hill plots, with the longer side north-
south. With each shape of plot and each trial, the effective 
standard error per plot for a 5 x 5 lattice square was calcu-
lated. For the oblong plots, the standard errors were also 
computed for 5 x 5 triple lattices, with the longer side of the 
plot extending the whole length of the incomplete block. 
While these designs require only three replicates, the results 
from all four replicates were used in order to compare the 
shapes of plot on the same total area. The results are given 
in table 7, the figures for 2 x 8 plots being the means of the 
results from the two directions of the longer side. 
On the average the triple lattice designs with 2 x 8 plots 
were no less accurate than the lattice square designs with 
4 x 4 plots, a result which supports the conclusion suggested 
in the previous section. The lattice square with 2 x 8 plots 
proved superior to each of the other designs in all three 
experiments, showing an average gain in accuracy of about 
15 percent. Similar results were obtained by Zuber (6) on 
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TABLE 7. RELATIVE ACCURACY OF LATTICE SQUARE DESIGNS WITH 
4 x 4 AND 2 x 8 HILL PLOTS. 
Effective error mean squares (lbs). I 
Field Lattice I 
Lattice 
I square square 4x4 2x8 
Krug, 1923 2.213 
I 
2.138 
I Iodent, 1925 2.579 2.238 McCulloch, 1925 2.665 1.958 
M ean 2.486 2.111 I 
'Relative to the lattice square with 4 x 4 plots 
tCalculated from the preceding columns 
Triple 
I lattice 2x8 
2.324 
I 2.678 2.136 
2.379 I 
Relative accuracy· 
Lattice 
I 
Triple 
square lattice 
2x8 2x8 
103.5 I 95.2 
115.2 I 96.3 
136.1 I 124.8 
117.8t 104.5t 
uniformity-trial data. The results indicate that lattice 
square designs may be used to advantage with long and 
narrow plots. 
.. 
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APPENDIX 
CALCULATION OF THE EFFECTIVE ERROR MEAN SQUARE 
PER PLOT 
As indicated on page 406, the effective error mean square 
per plot is given by Ef, where E is the intra-block (or intra-
row and column) error mean square and f is a multiplying 
factor. The formulas or references necessary for calculat-
ing f (with recovery of inter-block information) are given 
below for the designs discussed in this paper. 
Type of design Number of f replications 
k x k simple lattice 2 2 (B-E ) 1 + (k+l) --E-
4 4 ( B-E ) 1 + (k+l) 2B+E 
k x k triple lattice 3 3 (B-E ) 1 + 2 (k+l) --B-
6 6 ( B-E ) 1 + (k+l) 4B+E 
k x k lattice square (k+l) /2 1 (R- E C-E ) 1 + (k-l) ~ + -e-
(k odd) (k+l)· See (4) 
k x k lattice square (k+l) See (4) 
(k even) 
·Obtained by turning the design through one right angle, interchanging rows and 
columns. 
B = blocks mean square (adjusted) 
R = rows mean square (adjusted) 
e = columns mean square (adjusted) 
Where B, R or e is less than E, the corresponding t erm (B - E), (e - E) or 
(R - E) is taken as zero. 
(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
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